Abstract
Introduction

28
Atmospheric aerosols have an important influence on cloud properties through 29 the direct and indirect aerosol effects, however there is significant uncer-30 tainty in quantifying both of these. Considering only the indirect effects, the 31 ice phase has a particularly strong influence on cloud properties by affect-32 ing cloud lifetime and precipitation processes (Lohmann and Feichter, 2005; et al., 2013) . During large Saharan dust outbreaks, model results suggest that dust aerosol concentrations can reach 10 7 m −3 over Europe (Bangert 41 et al., 2012) , but it also appears dust dominates the normal background ice 42 nucleating particle (INP) and ice residual composition in the absence of these 43 large dust events (Targino et al., 2006; Prenni et al., 2009; Kamphus et al., 44 2010; Cziczo et al., 2013) . This lends some weight to the notion that dust tions (e.g., Fletcher et al., 1962; Cooper, 1986; Meyers et al., 1992; Phillips 60 et al., 2008; DeMott et al., 2010) . Typically, these parameterisations are 61 independent of the aerosol type, however more recently, dust aerosol specific 62 parameterisations have begun to emerge (Niemand et al., 2012; Steinke et al., 63 2014; DeMott et al., 2014; Hiranuma et al., 2014) .
64
The aims of this manuscript are straightforward. respectively. This implies that infrequent but significant dust events are a
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Figure 1: Median (solid), 5 th and 95 th percentiles (dotted) for total dust number concentration, total dust surface area, potential immersion INP, and potential deposition INP at RH ice of 110% and 120% over • N and 0-20
• E) for winter (blue), spring (green), summer (red) and autumn (black). The Niemand et al. (2012) The variability of dust and INP as a function of longitude was also inves-211 tigated, and a similarly small amount of variability was found (not shown). over the whole domain considered here.
218
The shape of the median INP profiles in figure 1 shows an exponential 219 increase until the ice activated fraction increases sufficiently, at which time 220 the concentrations begin to follow that of the dust. Therefore, the median 221 profiles can be described by the following function: increase in mean deposition concentrations that followed the form:
where a = 2.7626, b = 0.0621, c = -1.3107, and d = 2.6789, and were 253 determined by a best fit. Finally, the scaled INP concentrations due to 254 deposition nucleation, are approximately:
where C IN P (T K ) is the concentration of deposition INPs at RH ice =110%,
256
given by equation (1), and the approximation is most valid for small activated 257
fractions.
258 Figure 3 shows the INP concentrations derived from equation (1) 283 Finally, figure 3 shows that equation (3) 
